Summary Cellular adhesion molecules have been implicated in tumour progression and metastasis. This study examines for the first time the serum concentrations of circulating VCAM-1 and E-selectin in a consecutive series of 110 cancer patients seen in a general medical oncology clinic, and confirms and extends previous studies reporting measurement of circulating ICAM-1. Soluble ICAM-1 and VCAM-1 levels were significantly higher in all the patient groups compared with the controls whereas soluble E-selectin was significantly higher in the ovarian, breast and GI cancer groups and lower in the myeloma group. The significance of these results together with the possible sources and stimuli for release of these adhesion molecules are discussed. 
Cellular adhesion molecules mediating homotypic and heterotypic cellular interactions have been implicated in the various stages of tumour progression and metastasis (McCarthy et al., 1991) . ICAM-1, the inducible ligand for lymphocyte function associated antigen-I (LFA-1) and Mac-i, is found on endothelial cells, leukocytes and some epithelial tissue (Smith & Thomas, 1990 ), and plays a major role in cell-cell interactions in inflammatory and immune responses. It has also been implicated in the progression of melanoma (Natali et al., 1990) . Recently the existence of a soluble variant of ICAM-1 in the circulation has been described, with elevated levels being reported in several diseases Seth et al., 1991) ; higher levels being associated with liver metastases in gastric, colonic, gall bladder and pancreatic cancers (Tsujisaki et al., 1991) , and with reduced survival in patients with malignant melanoma (Haming et al., 1991) . E-selectin (previously known as endothelial leukocyte adhesion molecule-I or ELAM-1) is transiently expressed on activated endothelial cells, mediating neutrophil, monocyte and memory T cell adhesion. VCAM-1 is also induced on endothelial cells, mediating adhesion of lymphocytes and monocytes, but additionally is present on lymphoid dendritic cells, some tissue macrophages and renal parietal epithelium (Rice et al., 1991) . Possible role for these molecules in metastasis are suggested by the reports of VCAM-mediated adhesion of melanoma cells (Rice & Bevilacqua 1989 ) and E-selectin-mediated adhesion of colon carcinoma cells (Lauri et al., 1991) to endothelium. Soluble variants of these molecules in the circulation have recently been reported . The present study examines for the first time the concentrations of VCAM-1 and E-selectin in cancer patients and extends the number of cancers examined with respect to circulating ICAM-1.
Materials and methods

Sera and patients
Blood samples were obtained from a consecutive series of all patients being seen in a general medical oncology clinic, including those with both localised or advanced disease and those on active therapy or during follow-up. The following malignancies were represented: bladder (n = 6), breast (n = 13), gastrointestinal (n = 18), ovarian (n = 15), renal (n = 12), Hodgkin's disease (n = 15), non-Hodgkin's lymphoma (n = 13), and myeloma (n = 18). Approximately 85% of those with epithelial cancers had clinical evidence of metastases. Samples were allowed to clot, and the serum stored at -70'C until assayed. Samples were also obtained from 89 healthy laboratory and clinical personnel and blood donors (age range 18-60 years) and assayed for E-selectin and VCAM-1. In the case of ICAM-1, a sub-group of 27 of the control samples (age range 24-54 years) were assayed.
Assay of soluble adhesion molecules Levels of circulating ICAM-1 were measured with a commercial ELISA kit (British Bio-technology Products, Oxford, UK). Concentrations of circulating E-selectin and VCAM-1 were measured using dual monoclonal antibody two-site ELISAs Pigott et al., 1992) . Briefly, microtitre ELISA plates (Nunc Immunoplates, Life Technologies, Paisley, Scotland) were coated overnight with a specific capture antibody (BBIG-E2 for E-selectin, BBIG-V4 for VCAM-1) at a final concentration of 10 tg ml-' in 0.1 M bicarbonate buffer pH 8.9. Standards and samples were added to the plate, incubated for 2 h at room temperature and the bound soluble adhesin of interest was detected by sequential incubation with a specific biotin-labelled antibody (BBIG-E5 for E-selectin, BBIG-V3 for VCAM-1) followed by horseradish peroxidase-conjugated streptavidin (Amersham International, Amersham, UK) and finally tetramethylbenzidine (Universal Biologicals, Kingston-upon-Thames, UK). The reaction was stopped by the addition of 1 M HCI to each well and the O.D. 450 nm measured using a Titertek MS-2 reader (ICN Flow, Rickmansworth, UK). The assays were standardised using a recombinant soluble form of Eselectin or VCAM-1 (Pigott et al., 1991) The significance of two of the normal healthy controls having concentrations of VCAM > 1000 U ml-' is unknown but is unlikely to be due to assay interference as normal values of ICAM-1 and E-selectin were detected in these samples using assays of similar design. Similar levels of VCAM-1 were detected in repeat samples 2 months later.
The cellular source of the circulating adhesion molecules is unclear. E-selectin is restricted exclusively to activated endothelial cells and is present on the endothelium of blood vessels in many tumours, particularly Hodgkin's and T cell lymphomas, with only weak expression in B cell lymphomas and solid tumours (Ruco & Gearing, 1991; Ruco et al., 1992) . Solid tumours in which ulceration occurs show strong expression of E-selectin. VCAM-1, whilst largely present on activated endothelial cells, is also present on dendritic cells, neuronal cells and renal parietal epithelium (Rice et al., 1991) , and in lymphoid malignancies shows a similar pattern of expression to that of E-selectin (Ruco et al., 1992) . ICAM-1, which is elevated to a greater extent and in a greater proportion of these cancer patients, has a much wider cellular distribution (Smith & Thomas, 1990 ) and in addition to endothelial cells has been described on normal and malignant epithelial tissue including melanoma cell lines and primary tissue, renal cell lines and intestinal cell lines (Natali et al., 1990; Tomita et al., 1990; Becker et al., 1991) . Thus at least some of the soluble ICAM-1 present in sera of cancer patients is probably derived from tumour tissue. Using an ELISA which is specific for human ICAM-1, we have demonstrated that human melanoma cells will release soluble ICAM-1 into the serum of nude mice (Giavazzi et al., 1992) .
The differences in the findings with regard to E-selectin, (Doukas & Pober 1990; Thornhill et al., 1991 , Masinowsky et al., 1990 . ICAM-1 expression has been reported to be increased by IL-1, '-and P-interferon, TNF-o, IL-4, IL-6 and IL-2 (Giavazzi et al., 1992; Buckle & Hogg, 1990; Valent et al., 1991) , with effects being tissue-dependent. R.E. BANKS et al.
gastric cancer cell lines (Harning et al., 1991) and IL-1, TNF-x and y-IFN but not IL-6 induced shedding of ICAM-1 from melanoma cell lines (Becker et al., 1991 , Giavazzi et al., 1992 . The significance of adhesion molecule shedding is not clear but it may have profound implications for tumour metastasis. Shedding of ICAM-1 by circulating tumour cells may allow their escape from surveillance by cytotoxic T cells and natural killer cells and thus promote metastasis. Conversely shedding of adhesion molecules by activated endothelial cells may possibly serve to 'block' counterligands, for example on tumour cells, and subsequently prevent their adhesion to endothelial cells at metastatic sites. Future studies will include the longitudinal and cross-sectional studies of soluble adhesion molecules in patient groups and will examine the clinical utility of such measurements in patient management and prognosis. This approach, together with laboratory investigations into the mechanism of adhesion molecule shedding, may provide an insight into the possible role of cytokines and adhesion molecules in tumour progession.
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